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PREFACE

This study was conducted by the Environmental Laboratory (EL) of
the U. S. Army Engineer Waterways Experiment Station (WES), Vicksburg,
Miss., for the U. S. Army Engineer District, Savannah (SAS). The
project was authorized by Intra-Army Order for Reimbursable Services
No. EN-CP 80-146 dated 10 June 1980, amended 14 December 1981.

This report is an evaluation of the potential water quality effects
of initial filling and decomposition of vegetation in Richard B. Russell
Reservoir.

The research was conducted under the direct supervision of
Dr. Robert M. Engler, Chief, Contaminant Mobility and Regulatory Crite-
ria Group, and under the general supervision of Mr. Donald L. Robey,
Chief, Ecosystem Research and Simulation Division, EL, and Dr. John
Harrison, Chief, EL. Dr. Douglas Gunnison, Aquatic Processes and Effects
Group (APEG), served as principal investigator. Mr. James M. Brannon,
Dr. Rex L. Chen, Mr. Isaac Smith, Jr., and Mr. Thomas Sturgis, APEG,
participated in the study.

Commanders of the SAS during the preparation and publication of
this report were COL Tilford C. Creel, CE, and COL Charles E. Dominy,
CE. Commanders and Directors of the WES during the preparation and
publication of this report were COL Nelson P. Conover, CE, and
COL Tilford C. Creel, CE. Technical Director was Mr. F. R. Brown.

This report should be cited as follows:

Gunnison, D., et al. 1984. '"Richard B. Russel Dam and
Reservoir: Potential Water Quality Effects of Initial
Filling and Decomposition of Vegetation," Miscellaneous
Paper E-84-2, U. S. Army Engineer Waterways Experiment
Station, CE, Vicksburg, Miss.

Accession For
NTIS GRA&I X
DTIC TAB M

Unannonunced .

Justification_

By.

Distribution/

Availability Codes
~ |Avail and/or

..
et
LI B

PP PRYAR IARIVE | SRS SO
P ,‘),_ LIS SR AR

OO U A AR A A A S O
G AT N N A R

’;:*\x

O LRI RO '_'n"-. AL W e R AL e .'4.‘--.'..;'4' - -.
11\4';\ e R T a e Lt tTale e a T o LMK Soat et by




PN Y Al el v x

¢

|5

CONTENTS

PREFACE .

CONVERSION FACTORS, U. S. CUSTOMARY TO METRIC (SI) UNITS
OF MEASUREMENT . . . . . . . .

PART I: INTRODUCTION .
PART II: METHODS AND MATERIALS . . .

Sampling Sites
Sampling Procedures .
Laboratory Procedures .

PART III: RESULTS

Soil Flooding Studies . . . . . . .
Vegetative Decomposition Studies

PART IV: DISCUSSION

Changes Expected in Water Quality as a Result of
Impoundment . . .
Influence of Site Preparatlon on Water Qual1ty

PART V: CONCLUSIONS AND RECOMMENDATIONS

REFERENCES . . . . . . ..

TABLES 1-5

APPENDIX A: SOIL-WATER REACTION CHAMBERS . . . . . . .
APPENDIX B: ANALYTICAL METHODOLOGY AND DETECTION LIMITS OF

WATER QUALITY PARAMETERS . . . . . e

APPENDIX C: QUALITY CONTROL EFFORTS

DEP SRS

Page

NN W

. 14
. 34
. 43

. 43

.. 48

. 52
. 54

. Al

. . . Bl

. C1

WYL

= 1% S Yy
gt fRnad




S
RO A
. N ¥
‘f-\::f CONVERSION FACTORS, U. S. CUSTOMARY TO METRIC (SI) ISRy
¢ UNITS OF MEASUREMENT NS
. 2
2 U. S. customary units of measurement used in this report can be con- >
23 -
7o verted to metric (SI) units as follows: o
it' :_\:
(8 L
- Multiply By To Obtain 2
. acres 4046.873 square metres
?y gallons (U. S. liquid) 3.785412 cubic decimetres
:, miles (U. S. statute) 1.609347 kilometres
"?a;
%33
B2y,
.1 -.4.
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4 QE RICHARD B. RUSSELL DAM AND RESERVOIR: POTENTIAL WATER QUALITY

EFFECTS OF INITIAL FILLING AND DECOMPOSITION OF VEGETATION

¥ 1

PART I: INTRODUCTION

1. Richard B. Russell Lake will be formed by the impoundment of
a section of the Savannah River. The damsite is located on the Georgia-
South Carolina border approximately 30 miles* below Hartwell Dam,

37 miles above Clarks Hill Reservoir, and 275 river miles above the
mouth of the Savannah River. The project was authorized by the Flood
Control Act of 1966 and will be operated for flood control, hydropower,
and recreational purposes.

2. The objectives of the study presented herein were to quantify
and then evaluate the contribution of initial soil flooding and decom-
position of vegetation to the water quality of the newly filled im-
poundment. The study examined only the consumption of dissolved
oxygen (DO), the release of specific nutrients and metals, and the
formation of materials having high biochemical and chemical oxygen
demands (BOD and COD, respectively). As indicated in the scope of
work presented to the U. S. Army Engineer District, Savannah (SAS),
by the Environmental Laboratory of the U. S. Army Engineer Waterways
Experiment Station (WES), this study did not attempt to examine the
overall effects of reservoir hydrodynamics on the dilution and trans-
port of the materials released from the inundated soil and decomposing
vegetation to the water column. This would require the application of

a process-oriented water quality numerical model.

%* A table of factors for converting U. S. customary units of measure-
ment to metric (SI) units is presented on page 3.
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PART II: METHODS AND MATERIALS

Sampling Sites

3. Three generally representative areas from within the bound-
aries of the Richard B. Russell Lake were selected as sampling sites.
Although a larger number of sites would have been desirable for a
W 26,000-acre impoundment, financial considerations restricted the number

N of areas that could be studied. The areas selected represent the most

N predominant types of soil and vegetation in the reservoir basin. The
general locations of these sites are depicted in Figure 1. Major vege-

.Q tative and edaphic considerations for each of the sites are presented

below. Vegetation for the entire project area, described in detail in

3 U. S. Army Engineer District, Savannah (1974), is characterized as a

' mixed hardwood (oak-hickory) and pine (shortleaf-loblolly) forest cover.
4, Site 1 is approximately 0.6 km northeast of the Tates Grove

Baptist Church and 1.2 km northwest of the damsite in Elbert County,

b Georgia. Site 1 was selected as representative of the most extensive

S 6 4

Zale

soil type lying within the lake boundaries. The soil in the area is

A

poorly drained, loamy alluvial soil, subject to periodic flooding. At

[/

Site 1, pines represent approximately one third of the mixed hardwood

and pine cover.

[ 80

5. Site 2 is on the Georgia side of the Savannah River and is

adjacent to McCalla Island, approximately 17 km east-northeast of the

St

city of Elberton, Georgia. Site 2 was selected as representative of

-
o

the second most extensive soil type within the lake area: sandy gravel

<

loams underlain by clay. Vegetation, similar to Site 1, is mixed hard-
wood and pine with pine comprising approximately one half of the cover.

6. Site 3 is located in Anderson County, South Carolina, approxi-

A‘ k&‘ - s

mately 300 m northwest of the Abbeville-Anderson county line and 50 m
below an abandoned hydropower structure. Soils in this area represent
the third most abundant soil type and are characterized as fine sandy
loam. Area vegetation contains a preponderance of small trees and

shrubs with willow and dogwood being common.
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e .
.:d Sampling Procedures

7. Soil samples were collected by cutting the soil away from

the perimeter of an 0.5-m2 area down to approximately 20 cm beneath the

boundary of the A- and B-horizons. Samples were removed and placed

onto individual sheets of 5-mil-thick polyvinyl chloride (PVC) plastic
prior to placement in shipment containers. The samples were transported
to WES by motor freight. Samples were received at WES within 1 week;

these were still moist, and plants on soil surfaces were still green.

8. In the case of each site, none of the large trees and shrubs
present were included with the soil samples, although any roots running
through the various horizons and litter lying on the surface of the
A-horizon were included. Samples of twigs and leaves were removed from
the trees and shrubs present along with mosses and grasses in the area
of all sites (each in approximate proportion to the biomass of the type
of cover present as determined by visual inspection), composited, and
placed into individual, heavy-duty 30-gal trash bags for transport to

WES in the shipment containers with the soil samples.

Laboratory Procedures

Experimental design

9. At WES, the samples were placed into reaction chambers for
experimental analysis. The general design of the soil-water reaction
columns, the instrumentation (system circuit attached) to these columns,
and the flow-through system providing constant inflow of synthetic
river water used in this study are explained in Gunnison et al. (1980)
and are reviewed in Appendix A. Individual samples of soil, trimmed to
squares of approximately 0.45 m on each side, were then placed into the

soil-water reaction columns. For each study site, two replicate soil

samples were set up for each of three incubation temperatures to be

examined (3 sites X 3 temperatures X 2 replicates = 18 columns).

. .
[Ny
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10. Prior to the initiation of an experiment, synthetic Savannah

B d

LR

M

River water containing the compounds listed on the next page was added
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Synthetic River Water Composition CI '
Compound Concentration, mg/¢ :\.

NaHCO, 12.00 -
CuSOA'ZHZO 7.497

MgSO,, 7.497

KC1 1.703

NH4CI 0.0573

KH2P04 0.0877

KNO3 0.9376

FeC13’6H20 1.451

Mn012°4H20 0.4679

to the inflow water storage tanks at the concentrations indicated.

This combination of ingredients was selected as that which most closely
simulated the average yearly composition of the Savannah River (data
supplied by Dr. David Kendall, formerly of SAS). The water in the stor-
age tanks was actively charged with air for a minimum of 24 hr prior to
flooding of the soil samples. Reaction columns were filled with syn-
thetic Savannah River water to the overflow point, and the soil-water
contents of each unit were permitted to equilibrate for at least 1 week
with constant aeration and mixing, as decided in consultation with SAS.
After equilibration, an initial sample was taken to provide baseline
data under aerobic conditions. After initial sampling, aeration was dis-
continued, and the reaction columns were sealed off from the atmosphere.
As agreed upon in discussions with SAS, the soil immersion studies were
run using the reaction chambers in the continuous flow mode. Flow-
through conditions were initiated at a rate approximating a 20-day
residence time for the water in the reaction column. As decided in con-
sultation with SAS, incubation temperatures examined were 5°, 12.5°, and
20°C. This set of temperatures bracketed the full range of temperatures
expected in the reservoir. The circulation pump achieved a turnover of
reaction column water once every 2 min; this was used to e¢nsure complete

mixing of inflows with the water column and to enable samples taken to

be representative of the entire water column.

11. Reaction columns were run steadily for 100 days and sampled
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'“;i for the various physical and chemical parameters except DO at 0, 10, 15,
> .

s 25, 50, 75, and 100 days. The DO content was measured daily from the
' initiation of the experiment up to the point where it was no longer de-
= tectable or for a period of 30 days, whichever occurred first. In the

latter case, DO was subsequently measured at 10-day intervals.

Measurement of DO, pH,
conductivity, and color

12. Dissolved oxygen, pH, and conductivity were measured on sam-
ples collected by permitting water to flow gently from a reaction column
sampling port into a standard BOD bottle. Dissolved oxygen was deter-
mined with the azide modification of the Winkler method as described in
Standard Methods (American Public Health Association (APHA) 1980). Con-
ductivity was measured with a YSI Model 31 Conductivity Bridge using a
YSI Model 3403 Conductivity Cell (Yellow Springs Instruments, Yellow
Springs, Ohio). The pH was determined with the combination glass elec-

trode, while color was analyzed using the spectrophotometric procedure
given in Standard Methods (APHA 1980).

Methods of sample collection,
preservation, and analysis

13. If a reaction chamber became anoxic, all procedures were con-
ducted under a nitrogen atmosphere to maintain the anaerobic integrity
of the samples; otherwise, the tests were done under air. Samples to be
analyzed for soluble nutrients or for dissolved total inorganic and or-
ganic carbon (TIC and TOC, respectively) were cleared of particulate
matter by passage through a 0.45-pm membrane filter. Samples for par-
ticulate plus dissolved organic carbon (DOC) were not filtered. Samples
for dissolved metals analysis were passed through 0.10-pm filters, a
treatment shown to remove all particulate and colloidal metals (Kennedy,
Zellweger, and Jones 1974). Samples for total sulfide were taken and
preserved simultaneously using zinc acetate; analysis was conducted
immediately using the methylene blue method, as described in Standard
Methods (APHA 1980).

14. Samples for total or soluble nutrients were preserved by

acidification with HCl and immediate freezing and storage at -40°C.
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Samples for TOC and TIC analysis were processed immediately on a Beck-

man Model 915A Total Organic Carbon Analyzer. Metal samples were pre-

served by acidification with concentrated (11.6 N) HCl.

15. Metal concentrations were determined using direct flame

aspiration with a Spectrometrics Spectraspan II Ecelle Grating Argon

Plasma Emission Spectrophotometer. Nutrient concentrations in water

samples were determined using a Technicon Autoanalyzer II. Sulfate

concentrations were determined turbidimetrically following conversion

of sulfate ion to a barium sulfate suspension (APHA 1980).

Soil characterization

16. Prior to any soil analysis, approximately 1000 g of soil

from each of the study sites was air dried, passed through a 120-mesh

sieve, and mixed thoroughly. These samples were used to determine the

following:
a. Concentrations of metals including iron (Fe), manga-
nese (Mn), potassium (K), and calcium (Ca). SEETIC
b. Concentrations of nutrients including ammonium-nitrogen j:\ iy, :
(NH4-N), orthophosphate phosphorus (OPOA-P), and sulfate L Mg
(503 LT
c. Particle-size distribution using the sedimentation élﬂ!ﬂﬂ:ii
method, as modified by Patrick (1958). ;tjjprgiﬁ
. R A
Test procedures are described in the following paragraphs. ;{j{}iﬁhﬁ
17. Water extract. A 40-g subsample of each soil was weighed RO

into a 500-ml centrifuge bottle containing 200 ml of distilled water.
The mixture was shaken mechanically for 1 hr and centrifuged at 6000 rpm
for 10 min. The resulting supernatant fluid was filtered through
0.45-pm membrane filters, and this filtrate was immediately frozen at

-60°C until analyzed for Ca, magnesium (Mg), chloride (Cl), K, and SOQ.

AR S
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18. Ammonium acetate extract. A 20-g subsample of each soil was :. ;
weighed into a 250-mf centrifuge bottle containing 100 mf of 1 N ammo- ﬁ;:ji{{f\,
LS AR NN
nium acetate (pH 4.8). The mixture was mechanically shaken for 1 hr, :;:;y;:):
a2l .'.-\.'..

centrifuged as described above, and then filtered through 0.45-pm mem-

.
-

;:; brane filters. Resulting filtrates were acidified to pH 1 with HCl and
325 stored in polyethylene bottles for subsequent analysis.
ﬁ:j 19. Hydroxylamine hydrochloride extraction. A subsample of each
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soil (2.0 g dry weight) was weighed into a 250-m¢ centrifuge bottle

containing 100 mf of 0.1 M hydroxylamine hydrochloride and 0.01 M nitric
acid solution (Chao 1972). The mixture was shaken mechanically for
30 min and centrifuged as previously described. Supernatant solutions

were filtered through 0.45-pm membrane filters prior to acidification

l."s."i. !.‘,'k‘.‘u‘.,- ",

.

with HNO3 to pH 1 and stored in polyethylene bottles for subsequent
analysis.

20. Acid leachate analysis. A 2.0-g subsample of soil was weighed

into a Teflon beaker containing 25 mf of 8 N HN03. The mixture was
digested for 1 hr at approximately 82°C on a hot plate (Carmody, Pearce,
and Yasso 1973). The extract was then filtered through Whatman No. 5
filters, brought to a final volume of 50 mf with distilled water, and
stored prior to analysis.

21. Potassium chloride extract. A 20-g soil subsample was
weighed into a 250-mf centrifuge bottle containing 100 mf of 1 M KCI1.
The mixture was shaken mechanically for 1 hr, centrifuged as previously
described, and then filtered through 0.45-pym filters. The filtrate was
acidified to pH 1 with concentrated HCl and stored in polyethylene

bottles until analysis.

22. Cation exchange analysis. A 2.0-g subsample of each soil

was saturated with ammonium by shaking for 1 hr with 1 N ammonium ace-
tate. Excess ammonium was removed by repetitive washing with isopropyl
alcohol (Jackson 1958). The absorbed ammonium was then removed by ex-
traction with a series of 2 N solutions of mixed K and Ca nitrates,

1.2 N KN03, and 0.8 N Ca(NO3)2’ respectively (Tucker 1974).

23. Total Kjeldahl nitrogen (TKN). A 0.5-g subsample of each :;_ ’Q
soil was weighed into a micro-Kjeldahl flask containing 1.1 g of di- S
gestion mixture (100 g of K,80,, 10 g of Cus0,*5 H,0, and 1.0 g of 1j:ﬁ-2‘
selenium (Se)), 2.0 mf of H20, and 3.0 m2 of concentrated HZSOA’ The ilnl-;f
mixture was boiled for 5 hr after the digest had cleared. The digest BN
was allowed to cool, diluted with distilled water, and filtered quan- ;”i}!
titatively through Whatman No. 5 filter paper into a 50-m¢ volumetric :n;'; ?
flask. This solution was then stored for subsequent NHA-N analysis. :;‘;;_L
24. Carbon. Total organic carbon was estimated after assessing ISR Y
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total organic matter by weight loss following heating 10 g (oven-dry
weight) of soil for 8 hr in a muffle furnace at 400°C (Davies 1974).
The resulting value was then multiplied by 58 percent to determine TOC

(Allison 1965). Inorganic carbon content was determined by treating

5.0 g of a soil subsample with 3 N HCl and then measuring the decrease

in weight resulting from CO, loss (Allison, Bolles, and Moodie 1965).

2
Biochemical oxygen demand

25. Biochemical oxygen demand was determined with the following

modifications for triplicate subsamples of each soil sample according
to the procedures described in Standard Methods (APHA 1980). To each
300-mg standard BOD bottle was added either: (a) a 0.1-g subsample of

gk

;: soil, (b) a 0.1-g subsample of soil along with 5.0 m2 of glucose-

;E' glutamic acid standard check solution, (c¢) 5.0 mf of glucose-glutamic
«*

Ry acid standard check solution only, or (d) no soil or standard check

solution. Following the filling of each bottle with dilution water

and the stoppering of each bottle, a standard incubation and DO deter-
mination was carried out (APHA 1980). The BOD of individual soil sam-

ples was determined by difference between a given sample (a) and the

reagent blank (d), and the results were extrapolated to milligrams of

DO consumed by a gram of substrate in a litre of assay water.

Decomposition of vegetation

26. Decomposition of vegetation was studied using the following

method. To 17 £ of distilled-deionized water in a Nalgene pipette wash-

ing jar were added 1.0 g of soil from Site 2 plus 17.0 g of vegetation.

The vegetation had been composited in proportions representative of its
original site, dried to constant weight at 80°C, and then ground in a
Wiley Mill. Vegetation was kept suspended in the water column by a
constant stream of air bubbles (30 m£/min) released from an airstone at
the bottom of the column. Ten columns were set up to provide sufficient
sample volume for the duration of the study. Each column was covered
with a Nalgene cap containing holes for entrance and exit of air links.
For each sampling interval, 700 mf of suspension was removed from each
of the 10 jars and pooled into two replicate sets of 3500 mf each.

These were then filtered or not filtered as described above and analyzed
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204 for NH,-N, nitrite-nitrate (NO, + NO, - N), TKN, total P, OPO,-P, par-

ﬁé ticulate and dissolved forms of organic carbon, TIC, BOD, and COD.

R Columns were incubated at 20°C, and samples were taken at 0, 5, 10, 25,

2; and 50 days of incubation.

:{ 27. Appendix B presents a table indicating the parameters ana-

g& lyzed, analytical methods, detection limits, and units measured. Pre-
servation techniques used were as specified previously. Samples were

'gj held in acid-washed linear polyethylene bottles until analyzed. Appen-

'%} dix C discusses quality control.
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PART III: RESULTS

Soil Flooding Studies

28. Results obtained by repeat runs using the same soil sample
during these studies were reproducible; however, variations between
soils even in replicate samples from each study site were so great that
differences, if any, occurring between the three study sites were not
apparent. Thus, the water quality data are presented as averages of
results obtained with all six reaction chambers for one temperature.
While some of the results are displayed in tabular form, most are pre-
sented graphically. In the latter case, the variability observed in
the studies has been accounted for by averaging the standard deviations
through time for each study and dividing by the square root of the num-
ber of chambers (six) to give a mean standard error (M.S.E.) for each
study.* This will provide the reader with an idea of the variation
encountered in each study.

Soil characterization

29. The general physical and chemical properties of the soils are
presented in Tables 1-3. Several observations are apparent. First,
while soils from Sites 1 and 2 had similar particle-size distributions
(Table 3), Sites 1 and 3 had many similar physical and chemical proper-
ties. In general, Site 2 differs from both Sites 1 and 3 in nearly
every property tested (Tables 1-3). Second, each of these soils is rel-
atively rich in Fe and contains appreciable amounts of organic matter
and Mn, but each is also low in N and P content as well as in cation
exchange capacity (Table 3).

Dissolved oxygen

30. Changes in concentration of DO with time in reaction chamber

waters are presented for each test temperature in Figure 2. Aeration

* Graphic data are presented as computer output plots. All points in
Figures 2-15 are mean values of measurements from six reaction cham-
bers. All points in Figures 16-21 are mean values of three runs,
each conducted in duplicate. For all figures, the M.S.E. is averaged
across the entire incubation period for each curve shown.
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was terminated in each of the units on day 0 of the incubation period,
but DO was continuously added to each unit with inflow waters (inflow

rate = 9.8 £/day/unit with the DO concentration at saturation for each
temperature examined; an equivalent of 90.2 mg of DO/day was added to

each unit at 20°C).

31. At 20°C, oxygen demand was strong enough to remove all DO
from the water column within 30 to 40 days. Dissolved oxygen was not
completely depleted from the water columns in the 5° and 12.5°C studies;
however, some depletion did occur, and this was intense enough to drop
and hold DO levels to 3.6 and 4.6 mg/f below saturation, respectively
(Figure 2). Regression analysis of the three DO curves in Figure 2
yielded depletion rates of 0.017, 0.023, and 0.185 mg/%/day at 5°,
12.5°, and 20°C, respectively (depletion rates are slopes of linear
regressions run on each of the curves in Figure 2). These translate
into oxygen demands of 16.8, 22.7, and 183 mg DO/m2 of soil surface/day
at the same temperatures.

Biochemical oxygen demand
32. Materials having a high 5-day 20°C BOD, when released from

newly flooded soils in an impoundment, constitute an important source of
oxygen depletion in downstream areas. For the three temperatures exam-
ined in this study, the mean steady-state concentrations of BOD-produc-
ing materials were 2.16 * 0.750, 1.60 * 0.350, and 1.10 * 0.308 mg/2 at
5°, 12.5°, and 20°C, respectively.* These are equivalent to release
rates of 72.5, 53.7, and 37.0 mg/m2 soil surface/day at the three tem-
peratures. The BOD release rates and DO depletion rates ran counter to
each other with respect to temperature, suggesting that lower tempera-
tures preserved the integrity of BOD-producing substances, possibly by
causing a decrease in the activity of organisms consuming them, while

the opposite occurred at higher temperatures.

* These releases were chosen as steady-state because there were no
trends towards increasing or decreasing concentrations over the en-
tire course of the study relative to the amount initially present.
Moreover, reflooding the 20°C soils in a rerun yielded similar
concentrations.

16

NS

]
"

.

RS
:-"v“l_v‘ 'y

S
A T
T

o
L] i
R TR e .
EASA SN
A
o LRt
PSRN
e \ -.' -.' I.
LA
A,
RN ‘.\..-



Chemical oxygen demand

33. Both total (unfiltered) and dissolved (passed through a
0.45-ym membrane filter) COD were measured. No detectable differences
were found between the two COD determinations at any temperature, indi-
cating that all COD detectable in the water column was present in the
dissolved form. Values obtained for COD are presented in Figure 3.
Apparently, the largest amount of this material was released at 12.5°C;
however, the patterns of release at all temperatures were irregular and
showed no relationship to DO or any other parameter.

Carbon

34. Changes in TIC and TOC are given in Figures & and 5, respec-
tively. The dissolved forms of these parameters were also analyzed; no
significant differences between the two methods were found for either
form of carbon, indicating that all detectable TIC and TOC were present
in the dissolved form.

35. Examination of Figure 4 reveals three important facts. First,
while there was a general increase in TIC between the start and the com-
pletion of incubation in each of the studies, TIC levels in the 5° and
12.5°C studies were of a similar magnitude while levels at 20°C were
much higher. Second, TIC concentrations stabilized after 50 days of
incubation in the range of 9 to 12 mg/2 in both the 5° and 12.5°C stud-
ies. Third, and, in contrast, TIC levels observed during the 20°C study
climbed well above those at 5° and 12.5°C, with accumulation becoming
very rapid after 30 to 40 days when water in the 20°C reaction chambers
became anoxic.

36. Releases of TOC were erratic (Figure 5). The lowest values
and the most steady release pattern occurred at 5°C, while the largest
values and the most irregular release pattern occurred at 20°C. Inter-
estingly, TOC levels initially decreased after the onset of anoxia at
20°C; this may have resulted from the removal of TOC via methanogenesis,
and is supported by the occurrence of methane accumulation in reaction
chamber headspaces during the anoxic period. However, the accumulation
of TOC after 50 days was not accompanied by an observed decrease in the

rate of methanogenesis. Release of TOC at 12.5°C was more erratic than
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at 5°C and, on occasion, release levels exceeded those found at 20°C.

While outflows served as a mechanism for removal of TOC at all three
temperatures, methanogenesis was not observed at 5° or 12.5°C.
Nitrogen

37. Three forms of soluble N plus one form of particulate N were
-N, NO, + NO, - N, and

4 3 2
particulate plus dissolved TKN. As with COD, there was no apparent

monitored throughout the incubation period: NH

difference between dissolved (filtered) and total (dissolved plus
particulate-unfiltered) TKN, indicating that most of the TKN detected
was dissolved (Figure 6). Remarkably, TKN values for the three differ-
ent temperatures remained at approximately the same value until the

time at which chambers in the 20°C study became anoxic (30-40 days). At
this point, TKN began to accumulate in the 20°C reactor units, while
remaining nearly constant in the 5° and 12.5°C reactor units.

38. A similar trend was observed for NHA-N (Figure 7). 1In this
case, accumulation of ammonium began within the first 10 days at 20°C,
but remained at or near the detection limits at 5° and 12.5°C. Since
TKN consists of ammonium plus organic nitrogen, it was concluded that
most of the TKN released at 5° and 12.5°C was organic.

39. Th- NO3 + NO2 - N behaved quite differently from the other
forms studied (Figure 8). Here, maximum levels were achieved at 12.5°C;
apparently this was a result of the combination of active nitrification
of nitrogenous materials released from the soils and the low denitrifi-
cation rate. By contrast, at 5°C, only small amounts of NO3 + NO2 - N
accumulated, and these were nearly depleted after half the incubation
period. At 20°C, active denitrification and nitrate reduction occurred,
removing NO3 + NO2 - N rapidly and causing accumulation of nitrogen gas
in the reaction chamber headspace.

Phosphorus

40. Release patterns for total phosphorus (TP) and OPO,-P are
presented in Figures 9 and 10, respectively. Total phosphorus was re-
leased at all three temperatures (Figure 9); however, since there were
no accumulations of OPOa-P at 5° and 12.5°C (Figure 10), it was con-

cluded that the TP released at these temperatures was mainly organic.
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At 20°C, nearly one half of the TP accumulated after 25 days was in
form of OPOA-P (Figures 9 and 10). As with the other total parameters
considered thus far, there was no significant difference between fil-
tered and unfiltered TP, indicating that all TP was in the dissolved
form.
Sulfur

41. Although inflow concentrations of SOQ were maintained at
nearly steady concentrations of approximately 9.64 mg/f (as CuSOA, see
paragraph 10), levels in the 5° and 20°C reactor units generally ran
well above this (Figure 11). The SO4 decreased below the limits of de-

tection in the 20°C reaction chambers at approximately the onset of
anoxia (30-40 days), and this was subsequently followed by the appear-

ance of sulfide, according to the following schedule:

Incubation Sulfide Concentration
days mg/2
0 0

28 0.025
62 0.062
75 0.290
85 0.048
100 0.046

M.S.E. = 0.027

42. The appearance of a black precipitate in the 20°C chambers
shortly after the sulfide maximum concentration at 75 days was probably
the result of ferrous sulfide formation with consequent precipitation
of sulfide from the water column.

43. Concentrations of SOA in the 12.5°C study remained slightly
above the inflow level (Figure 11). Apparently, after 25 days of incu-
bation, the soil released sulfide at a rate which only slightly exceeded
the removal rate.

Iron and manganese

44. TIron followed the expected release pattern: no release under

aerobic conditions, but some release during anoxia (Figure 12). Thus,
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only the 20°C study resulted in the accumulation of Fe in the overlying
water (Figure 12). Accumulation in this study was further indicated by
the formation of black ferrous sulfide precipitate after 75 days of in-
cubation and by the production of red iron oxyhydroxide upon initiation
of reaeration of water in the 20°C chambers after 120 days of incubation.
45. Manganese was also released in significant qu